Introduction
It is a tenet of rational management that those responsible for making decisions should periodically pause to assess the nature of the problem to determine whether they are on course to address it in the most effective manner. This is particularly true for complex problems, where the understanding of the causal factors is often imperfect and where there is a low level of agreement on how best to intervene, or what capacity is required to do so. This is the domain of 'adaptive management', which has as an essential element a reflexive loop, in other words, the necessity to gather information and use it to critically test both the management actions which have been taken and the assumptions which underpin those actions (Norton 2005) .
'Science', as a distinct human activity, dates from the Age of Enlightenment, about 400 years ago. For the purposes of this article, we define science as an activity that attempts to understand the behaviour of a subject through the development of an explicit and coherent body of theory and its testing against evidence provided by observation and experimentation. This definition can encompass both natural and physical sciences as well as human sciences. For much of its history, science was perceived to be conducted by scientists, more or less exclusively for scientists, the so-called 'Mode 1' science [Gibbons et al. 1994; Ziman 2000 , also see various critiques of this simplification, such as by Hessels and Van Lente (2008) ]. Especially during the 20th century, society has come to consider science (and the associated technology) as the pre-eminent means of resolving many problems and challenges (Stokes 1997) , and governments became the dominant funder of science. As a result, science is collectively expected to address questions posed by society, and report back to society -in intelligible terms -on those questions. This has been referred to as 'Mode 2' science.
'users'. By the 21st century, weaknesses in the unidirectional transfer model in addressing problems with both a high technical complexity and a high level of social interest had become clear. The science-society (or 'science-policy') interface has since been recast as an iterative, multi-way dialogue, and the generation of knowledge as a shared process between researchers, practitioners and stakeholders, a socalled 'co-production' of knowledge. This has required a much closer collaboration between the natural sciences and social sciences in an integrated and participatory manner, dubbed 'transdisciplinarity'. In the most recent iterations of transdisciplinary scientific assessments, there have also been attempts to incorporate knowledge systems other than science as defined above, such as indigenous or local knowledge (Ash et al. 2010 ).
Scientists and other technical experts have long been requested to assess particular issues of societal concern, but it is only since the last decade of the 20th century that scientific assessments have focused on transdisciplinarity and have become institutionalised and highly organised. Transdisciplinarity evolved from single discipline, multiand interdisciplinarity approaches to address societal issues in an inclusive and holistic manner (Nicolescu 2002) . In this ongoing process, what is meant by the term 'assessment' has also morphed, from a process segregated by research discipline, with each study carried out by one or a few domain experts, to a highly elaborate process, conducted collaboratively by hundreds of experts across many disciplinary domains. Several modern scientific assessments have critically influenced policy, for instance, in the arena of climate change (the Intergovernmental Panel on Climate Change assessments), atmospheric pollution (the Ozone Assessment) and resource conservation (the Millennium Ecosystem Assessment).
Globally, and in South Africa, an important societal question relates to the invasion of alien species (i.e. those originating elsewhere) into native ecosystems, and its impact on the capacity of ecosystems to provide services such as water (Enright 2000; Le Maitre et al. 2002; Van Wilgen et al. 1997) , agricultural resources (Paini et al. 2016; Pimentel et al. 2001 ) and a suitable habitat for native biodiversity (Clusella-Trullas and Garcia 2017). There is also uncertainty of the extent to which invasive alien species impact local livelihoods (Le Maitre et al. 2002; Shackleton et al. 2007) , diminish natural capital, destabilise ecosystems and jeopardise economic productivity (Richardson & Van Wilgen 2004) . The issues associated with invasive alien species transcend biophysical, social and economic disciplinary domains and in some cases have led to strongly polarised views in the scientific community and broader society (Zengeya et al. 2017) . Examples of controversial issues in South Africa include the desirability of maintaining populations of alien trout in streams where they provide sport fishing but eat or compete with endangered native fish species, and the necessity to control species such as the jacaranda tree, which although alien and mildly invasive has become iconic to the heritage and aesthetics of some South African cities. The resolution of such issues may be aided by applying a scientific assessment approach. The Alien & Invasive Species Regulations (South Africa 2014) call for a periodic 'status report', which has some of the attributes of a scientific assessment, to inform adaptive management strategies. This article was sparked in part by the intention of the research community which studies biological invasions to undertake such a process (Wilson et al. 2017) . What would be the design of a suitable process? Who decides what questions must be addressed? How should the teams be appointed and represent a balance of views? How do you know when you are done? This article draws on experience in a range of assessments, most recently Shale Gas Development in the Central Karoo: A Scientific Assessment of the Opportunities and Risks, to provide some guidance on science-policy processes in general (Scholes et al., 2016) .
A spectrum of assessments styles
The literary definition of 'assessment' is 'the evaluation or estimation of the nature, quality, or ability of someone or something' (Oxford English Dictionary 2016). Within technical domains, assessments could be defined as a critical evaluation of information, with the aim of guiding decisions on an issue of public interest. A more pertinent definition of the large, complex assessments which have emerged over the past few decades was offered by Walt Reid, the director of the Millennium Ecosystem Assessment (MEA 2005) : 'a social process designed to bring the findings of science to bear on the needs of decision-makers'.
Scientists are used to evaluating evidence, but can do so in a range of ways, with different audiences, purposes and methodologies (Table 1 ). The procedures for writing an (IPCC 1990) was more like an 'expert report' than a complex assessment as contemplated here (Table 1) ; however, by the time of the second assessment (IPCC 1995) , the general form and process had evolved (and still continues to evolve) into the shape now widely copied, with adaptations, in many domains. The successive climate assessments (IPCC 1990 (IPCC , 1995 (IPCC , 2001 (IPCC , 2007 (IPCC , 2013 are credited with making possible the historic agreement -by 195 countries in Paris in December 2015 -to take concerted action on climate change. Although the topic of climate change becomes ever-more technically complex, the level of societal understanding of the problem and consensus on the need for action has increased over the past two decades, and the credibility of voices which dispute the reality of climate change or the necessity to curb it has decreased (Cubasch et al. 2013 ).
The Millennium Ecosystem Assessment (MEA 2005) set out to bring the power of the assessment process to the problems of biodiversity loss and ecological degradation by applying the then novel conceptual lens of 'ecosystem services'. Ecosystem services are the benefits which nature provides to people (Ash et al. 2010; Daily 1997 ), a complement to the then prevalent view of nature being a separate domain from people, and the protection of nature from people was an ethical rather than utilitarian imperative. The conceptual framework for the MEA (2005) viewed people as integral parts of ecosystems and focused on the linkages between ecosystems and human well-being. The MEA was frustrated in its attempt to be constituted as a formal intergovernmental process and was instead supported by funding from philanthropic foundations, non-governmental organisations and the private sector. This meant that the MEA did not have a direct governmental authorising and receiving environment. It was nevertheless very influential, including in governmentlinked environmental-and conservation agencies, as well as in the scientific domain and private sector.
Not being an intergovernmental process, the MEA had the advantage of being free to experiment on how to conduct an assessment to a much greater degree than is usually possible in more formalised contexts. The outcome was a much more diverse body of experts (including many more females, developing countries and early career researchers than is typical, for instance, in the IPCC where the experts are nominated by their governments). The MEA also made pioneering attempts to conduct assessments at a range of scales (e.g. three scales in Southern Africa; Scholes & Biggs 2004) and to include traditional and local knowledge (Reid et al. 2006) . The success of the MEA led to the formation of a permanent intergovernmental body for assessing biodiversity and ecosystem services, the Intergovernmental sciencepolicy Platform on Biodiversity and Ecosystem Services (IPBES), in 2012. IPBES has a programme of several assessments over the next decade, including an assessment of pollinators and pollination (IPBES 2016) and the currently underway global assessments on land degradation and restoration, coupled with four regional assessments of Africa, the Americas, Asia-Pacific, Europe and Central Asia (to be delivered in mid-2018), and the global assessment of biodiversity and ecosystem services (2016) (2017) (2018) (2019) .
Inspired by the exposure of one of the authors (R.J.S.) to the IPCC and the MEA, the formal assessment approach was first applied in a purely South African context to the highly polarised topic of elephant management in protected areas (Scholes & Mennell 2009 ). This transdisciplinary assessment actively engaged topics such as ethics, law and economics within the 'science' assessment. The outcome was that the contestation around the issue has substantially subsided and the 'Norms and Standards' for elephant management (South Africa 2008) were published in the Government Gazette. An assessment of another important, complex and contentious South African issue -shale gas development using 'fracking' technologies -was completed in November 2016 (Scholes et al., 2016) . The shale gas assessment involved over 200 authors and peer review experts to assess 17 wide-ranging topics raised by society and local residents of the Central
Complex assessments undertaken internationally and in South Africa over the past three decades can be arranged in a space defined by two axes: the horizontal axis relates to their degree of controversy and public interest and the vertical axis expresses the technical complexity, and especially the degree to which the questions are transdisciplinary rather than uni-disciplinary. The closer to the top right corner, the more essential it is to follow a 'complex assessment' methodology. Uncontentious or single-domain questions, even if they are technically difficult, are better handled using an Expert Report or Scientific Review, depending on the intended audience.
FIGURE 1:
Complex assessments undertaken internationally and in South Africa. Karoo as being of importance. This included an assessment of all the material social, economic and biophysical issues associated with shale gas development and also included a coverage of topics which were relevant at a national scale such as energy planning and greenhouse gas emissions, to those more relevant at a local scale such as biodiversity, water, micro-economics, social fabric and 'sense of place' values (see full publication at http://seasgd.csir.co.za/ scientific-assessment-chapters/).
Paying attention to process
Diligent application of the guidelines summarised in this article does not guarantee a successful assessment, but experience shows that the outcome usually constitutes progress on a formerly intractable problem. Research into the success factors associated with assessments can be summarised into three overarching principles: legitimacy, saliency and credibility (Ash et al. 2010) . The three principles are all to a greater or lesser extent advanced by the inclusion of multiple stakeholders, participatory processes and transparency.
Legitimacy means that the assessment was asked for by a body which has a mandate to take action on the topic. This is called an 'authorising environment'. In its absence, there is a high likelihood that the findings will simply be ignored. For example, the Global Biodiversity Assessment, which was completed in 1995 and involved inputs from more than 1500 scientists, was developed largely independently of the intended audience, that is, national governments. As a result of failing to find a legitimising environment, the report was not welcomed and largely ignored, despite its high technical quality (Raustiala & Victor 1996) . Legitimacy also stems from being perceived to have implemented an unbiased process which considers appropriate values, concerns and perspectives of different actors, and corresponds with political and procedural fairness. Thus, the process must include appropriate people and organisations within the project governance structures and follow a pre-agreed set of rules which regulate the process.
Saliency means answering the pertinent questions and only the pertinent questions, fully and in the way the stakeholders pose them and understand them (as opposed to what scientists think stakeholders want to know). As a result, assessments are place-and time-appropriate and specific.
The now widely applied process of preparatory 'scoping' of the assessment helps in this respect, but by itself does not automatically guarantee saliency, unless it embraces the 'co-generation of knowledge' approach of deliberately, actively and iteratively stimulating a dialogue between stakeholders and knowledge holders about what the key questions are and how to frame them. This engagement needs to be sustained throughout the assessment process and culminates in a formal acceptance by the stakeholders that their questions have been addressed (which does not mean that the answers have necessarily satisfied their preferences or value positions).
Credibility means meeting the standards of scientific rigour and technical adequacy. The sources of knowledge in the assessment must be considered trustworthy and independent of 'interests'. Appointing experts who are widely acknowledged as having appropriate and leading knowledge and experience for the topic, and following a rigorous peer review process -especially with respect to traceability -is essential. The credibility and experience of the assessment leaders is an important factor in attracting, leading and retaining a team of experts and managers capable of running and delivering a high quality of work on large and complex assessments.
Interested parties can become involved in an assessment in several ways. These include participation in the assessment process as an expert author or peer reviewer, participation through being part of the governance structures and participation as a general stakeholder. The most important mechanisms for general stakeholder engagement in an assessment process are presented here.
• Consulting stakeholders at the outset to determine the need for an assessment and the key issues to be addressed in the assessment, and continuing this dialogue throughout the assessment. Deciding on the questions or topics is usually an iterative ('co-determined') process because they have to be both salient and amenable to scientific investigation. Their intent and scope need to be clear and agreed to by both sides. The first formalisation is often in the Terms of Reference provided by the client or funders. The next important milestone is the 'Zero Order Draft' including the comments it elicits from stakeholders, and how these are incorporated in its final form. The Zero Order Draft (an expanded, annotated table of contents that provides an overview of the issues to be assessed, usually down to two or three levels of subheadings) is produced through the first author workshop and is often associated with or followed by stakeholder meetings, which consider the Zero Order Draft and suggest revisions -a process of 'co-generation'.
• Providing regular information releases to stakeholders through a user-friendly website or newsletter. This includes access to documents describing the assessment methodology, the names of experts undertaking the assessment and the 'process document' which describes how the assessment will be managed, how the work teams will be organised and how the process will be governed from inception through to completion. • The 'First Order Draft', produced about 6 months after the Zero Order Draft is approved, has near-complete (but still tentative) text and sketch versions of the graphics. It goes out for review by two or three independent domain experts, and the revisions resulting from responding to their comments lead to the 'Second Order Draft', which is released for comment and review by general stakeholders or any interested person. This allows stakeholders to substantively engage with the draft findings and have the opportunity to comment and provide additional evidence or material which may influence the final draft (Figure 2 ).
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The social processes of discussion and engagement involved in assessments -if well designed and implemented -usually lead to a convergence of opinion rather than potentially damaging polarisation, both at the level of the expert assessment teams and at the level of the stakeholders participating in the process. Extreme positions get isolated by their inability to supply evidence or an unwillingness to follow its logical outcomes (Ash et al. 2010 ). The co-generation of the questions -through transdisciplinary processes -leads to a high level of buy-in by the authorising bodies. Along with the highly transparent, public nature of the social and participatory processes, it makes disregarding the results of the assessment difficult and politically risky. By separating what is 'known and agreed' from what is 'partly known, but uncertain' and from what is 'speculated and contested', assessments focus on the necessary social discussion and contestation where it belongs: on the issues which are not technically clear-cut. These are frequently fundamentally value-based issues and therefore would be inappropriate to be decided by a purely technocratic process which does not take cognisance of the plurality of value systems inherent in most societies and hence assessment processes (Flyvbjerg 1998) .
The credibility of 'complex assessments' depends on widespread agreement that they have been implemented in an unbiased manner. The strategies to minimise bias in the process are presented below.
• Appointing, in a balanced and transparent way, and with the approval of representative governance structures, a diverse multi-author team of experts with a broad range of disciplinary and geographical experience. Each multiauthor team addresses a specific topic or issue in the assessment in an integrated manner, working in collaboration with the teams working on other topics in order to effectively recognise transdisciplinary linkages. The objective is not to find totally unbiased authors (philosophically, such a person probably does not exist, although a blatantly biased author is unlikely to pass governance approval), but to include the full range of legitimate expert opinion in the topic team, and trust that debate within the multi-author context balances out individual biases and blind spots, revealing rather than concealing the range of expert opinion and thus giving confidence in the robustness of the findings.
• Designing a rigorous, transparent (documented and in the public domain) and comprehensive (two-or threeloop) review process (see Figure 2 ). • Ensuring traceability of assertions to primary sources, or clearly flagging them as expert judgement. • Clearly stating the confidence which can be placed in toplevel findings is crucial. This may take the form of statistical confidence (e.g. 95% confidence limits on numerical data) but more usually follows a qualitative approach evaluating the amount of evidence and the amount of technical agreement, which are reflected in specific 'reserved' words used for this purpose in highlevel summary statements (Mastrandrea et al. 2010 ).
Who governs the assessment, and how?
A detailed 'process document' which establishes the rules at the outset of the process should be drafted and approved by the board and made available to all stakeholders and expert participants. The process document should include the following:
• need and purpose of the assessment, including a 'mission statement' • geographical and topical scope of the assessment • governance structures (Figure 3 ) and mandates associated with each group • assessment methodology, meeting attendance requirements and estimates of effort required • composition of the multi-author teams if they have been appointed or at least an indication of the intended coordinating lead authors (Figure 3 ) • approach to the peer and stakeholder review process • process timelines and deliverables • communications plan including responsibilities and confidentiality requirements until the assessment is approved.
The 'rules', as described in the process document, are gently reinforced throughout the process so that there is full transparency and accountability among the participants and those coordinating the assessment. As participation in an assessment is usually voluntary, there is no real sanction other than peer pressure and the personal alignment between the individual participants and the philosophy, mission and values of the assessment. or from a coalition of sources. In either case, it is important to insist on independence with respect to the process and findings. The donors or clients are involved in setting the broad objective (the mission and scope), but do not pose the questions or censor the answers. An Assessment Board (other descriptive words can be used if 'Board' is inappropriate) representing the stakeholder community is appointed to oversee those processes. The final draft of the assessment is accepted by the Board, not the funders, in order to insulate the authors from the perception that they may have had to tailor their findings to the desires of those who control the purse strings. During an assessment process, it is highly desirable when the main source of funding for an assessment has come from abroad that local funders are invited to contribute as well. This will not only add resources but, more importantly, will add legitimacy and provide an opportunity to gain the trust, commitment and engagement of relevant stakeholders (Lucas, Rausepp-Hearne & Blanco 2010) .
The responsibility of the Board is to ensure that the assessment is independent, salient (to the point), thorough and balanced. The Board is ideally drawn approximately equally from the various stakeholder clusters, rather than being 'representative' in any quantitative sense. For instance, it may include two to four respected and experienced people from each sector, such as government, donors, NGOs, private sector and the research community. The Board meets about three times during the assessment: to approve the proposed author teams and process document, to approve the Zero Order Draft and to accept the Summary for Policymakers of the final draft (simultaneously signing off on the authenticity and adequacy of the review processes). The key meetings are best held physically, but issues arising between meetings can be dealt with remotely. The Board's job is not to write or edit the assessment text. In the event that it is not salient, credible and legitimate, the Board can refer the assessment back to the author team until the following criteria are satisfied:
• Has the assessment process followed reasonably in line with the guidelines set out in the process document? • Do the author teams have the necessary expertise and show balance between credible ranges of opinion? • Does the assessment (as 'contracted' by the Zero Draft) cover the material issues and key stakeholder questions? • Are the identified expert reviewers independent, qualified and balanced? • Have the review comments received from expert and stakeholder reviewers been adequately addressed and have the responses been adequately documented (especially in the case where a review comment is partially or fully rejected)? • Is the assessment couched in understandable language, supported if necessary by a glossary, and its presentation professional?
Members of the Board are not appointed as 'representatives' of their organisations in a narrow sense. They are expected to reflect the breadth of interests in their various sectors. Membership of the Board disqualifies the members themselves from being assessment authors or expert reviewers, but does not disqualify their organisations from providing authors, expert reviewers or stakeholder review comments. Nor does it in any way preclude those organisations from other avenues of expressing their opinions on the topic matter, such as speaking to the media or challenging decisions on the topic in court.
Planning and resourcing assessments
Even large, complex assessments are fundamentally a series of smaller, but critically important, social processes and engagements. This relates to the manner in which donors or clients are interacted with, Board members are solicited and consulted, and author teams are recruited and managed; peer reviewers are responded to; and stakeholders are engaged.
Throughout the assessment, it is critical to have responsive, adaptable and positive interaction between the topic experts and the assessment panel and the Secretariat. The Board should not directly engage with authors, but is briefed by the Panel, usually represented by the assessment leader or leaders . Experts are asked to be involved in assessment as domain specialists and may themselves not be familiar with transdisciplinarity, effective personal interaction or project management. It is the responsibility of the assessment leaders to appoint coordinating lead authors who are both respected experts in their own right and also have the capacity to manage a team of domain experts to deliver outputs, on time and within the brief, through a process which may feel strange or unfamiliar. This is done largely by example, positive and regular interaction at author meetings and good-spirited cajolement by the leadership. Many variants are possible, and the names of the various bodies can be adapted to the specific context, but main roles should be preserved. The separation between the representatives of the intended audience (the 'Board', who oversee the process by which the questions are developed, the authors are appointed and the comments are incorporated, and endorse the final assessment) and those responsible for executing the assessment (the 'Panel') has been found to be a useful feature. The Panel determine the delivery and technical quality of the assessment. Large assessments need a full-time manager and support team (the 'Secretariat') to handle the day-to-day management and operations.
GOVERNANCE
FIGURE 3: A typical governance scheme for a large assessment.
As in any large participatory process, conflict may arise. It is important to establish clear avenues for conflict mediation in the process document. The process document must also include clear workplan with associated outputs and participant meeting schedule. An assessment is not an academic exercise with flexible deadlines and outputs. Given their importance, scope and complexity, assessments need to be project-managed with detailed attention to process, including timelines and deliverables. The process document must clearly outline the roles and responsibilities of the various participants in the assessment to minimise confusion of mandates (Table 2) .
What is in it for participants?
The tendency in complex assessments is for the knowledgeholder participants (authors and expert reviewers) to be unpaid volunteers. Only their out-of-pocket expenses are met, for travel and accommodation to author meetings. This has two advantages: It makes the use of large multi-author teams affordable and it insulates the participants from the accusation that they have been bought. This guideline is best applied consistently but sensitively: Some key experts may be self-employed and thus may not be able to donate a large fraction of their time to the 'public good'. Token payments, typically at far below commercial rates, can be made on a case-motivated basis. The Secretariat are paid, and a token contribution to the costs of key human resources, such as the assessment leaders and coordinating lead authors, who give a significant amount of time, is usually made at the discretion of the leaders and the Secretariat.
Given that there is no appreciable financial reward, why do participants agree to get involved in assessments? There are different benefits for different participants. Firstly, most assessments are agreed to be 'in the public good', that is, they address a national or international problem which carries significant societal concerns. For stakeholders and governments, assessments can resolve logjams in otherwise intractable issues, reducing the polarisation and making policy decisions possible despite their initial unpopularity among some stakeholders. Organised and street-wise stakeholder groupings may fear co-option by the assessment process, but if they refuse to participate they risk being perceived by decision-makers and the broader public as irrational special interest groups. Often assessments do succeed in finding win-win outcomes on controversial issues, or at least fewer win-lose and lose-lose outcomes.
For the chairs, Secretariat, authors and peer reviewers, assessments offer the opportunity to be exposed to a novel, transdisciplinary way of doing science and influencing important policies which affect society. The chapters of the assessment are typically citable peer reviewed publications which advance the scientific profile and career of participants far beyond what might be offered by traditional consulting work or the skills development programmes offered in universities. Universities often do not equip their students with the skills they need to be successful assessment practitioners, and their academic supervisors may actively discourage them from engagement with science-policy activities in the early part of their career, arguing that it is a distraction at a time when they need to be doing primary research and building their publication record. Experience has shown that this advice is misguided; the two are not mutually exclusive but mutually reinforcing, within reason. Researchers who are active in assessments, regardless of whether they are young researchers or established researchers, tend to outperform their non-participating peers on many metrics of impact, including publications (Figure 4) . The mean author H-indices of authors from the three most recent IPCC assessments are around double that of the mean for environmental scientists as a whole and compare well to that of the top 1% of environmental scientists. Authors from the fifth IPCC assessment (2013) are presumably still in the process of publishing findings related to the assessment; therefore, their mean H-index can be expected to rise over the next few years.
Why do assessment participants score more highly than non-participants? Firstly, there is a degree of self-selection by top researchers: They feel that participation is a duty and a good way to ensure that their science is used. Secondly, for less established researchers, participation in assessments leads to close exposure to new ideas and helps create very effective research networks, spanning countries, disciplines and levels of experience. Thirdly, involvement in assessments tends to stimulate research by revealing important gaps, ideas and opportunities. Fourthly, assessment process coaches participants in delivering high quality scientific work in brief, within the prescribed methodology, and encourages scientists to engage with other domains and stakeholders to 'co-generate' knowledge in a manner which makes it usable for society and decision-makers, and thus more salient. Finally, it often leads to co-authorships on high-impact papers. While it is acknowledged that the association of high personal scientific impact and involvement in assessments could have other causal explanations, the evidence presented Coordinating lead authors 1-2 n Ensure topic teams deliver on brief and on time.
Leading experts in own right.
Lead authors 3-4 n Generate the bulk of the assessment.
Contributing authors 0-5 n Add specific small parts. Need not attend meetings.
Review editors 1-2 n Wise people who ensure balance and fair comments.
Reviewers 3-5 n Independent experts ensure technical correctness.
Copy editors, illustrators, layout 1-3 Ensure stylistic uniformity, grammar, clarity, consistency.
Total~8-18 n + 3-10 -
The number of people in each category varies, in some cases, in relation to the number of discrete topics (n) to be addressed. Thus, a single topic assessment might only call on 10 experts; large assessments routinely involve hundreds of experts.
rejects the argument that being involved in assessments has a negative effect on scientific and publication performance.
Conclusions
The process of providing expert inputs to policy decisions has become an important component of many scientific careers and can range from providing an individual opinion on a simple question to a very elaborate and multi-expert process of evidence collation, evaluation and summarisation with high purchase in the policy domain. In order not to impose undue delays and costs on decision-making processes, and overburden the time of experts to such an extent that they cannot remain experts, it is necessary to judge the degree of process complexity which is necessary in each case, depending primarily on the extent of contestation in the scientific domain on the issue and the extent to which it is considered to be a problem of great societal concern with high stakes. Not being cognisant of the receiving environment runs the risk of designing an inadequate process, doing a rushed, superficial or insufficiently consultative process which could be rejected by one or more powerful stakeholders, which in the end adds more delay and cost than what would have resulted from a more considered approach.
Shale Gas Development in the Central Karoo: A Scientific Assessment of the Opportunities and Risks was undertaken as phase 2 of the overarching Strategic Environmental Assessment process commissioned and funded by the national Department of Environmental Affairs. 
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Source: Scholarometer (2016a Scholarometer ( , 2016b The horizontal grey lines show the mean H-index of authors in the 'Environmental Science' domain (22) and the top 1% of environmental scientists (32). 
